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Background
Prospective data on the association between common mental disorders and obesity are scarce, and the impact of ageing on this association is poorly understood.
Aims
To examine the association between common mental disorders and obesity (BMI>30 kg/m 2 )
across the adult life course.
Methods
men and 3348 women aged 35-55 were screened 4 times during a 19-year follow-up (the Whitehall II study). Each screening included measurements of mental disorders (the General
Health Questionnaire), weight, and height.
Results
The excess risk of obesity in the presence of mental disorders increased with age (p=0.004).
The estimated proportion of obese people was 5.7% at age 40 both in the presence and absence of mental disorders, but the corresponding figures were 34.6% and 27.1% at age 70.
The excess risk did not vary by sex or according to ethnic group or socioeconomic position.
Conclusion
The association between common mental disorders and obesity becomes stronger at older ages.
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Owing to their increasing prevalence, common mental disorders (such as symptoms of anxiety and depression) and obesity are widely regarded as major public health issues. [1] [2] [3] Mental disorders are associated with considerable disease burden 4 5 and obesity is a leading cause of preventable death and chronic disease. 6 There is also some evidence to suggest that common mental disorders and obesity may be related to one another, such that men and women with common mental disorders experience a higher risk of obesity than those free of such conditions, 7-9 although this is not a universal finding.
10 11
It remains unclear whether ageing affects the association between mental disorders and obesity, because the majority of previous studies are based on cross-sectional study design and the few published longitudinal studies do not include repeated measurements of both common mental disorders and obesity. 12 13 Strengthening of the association between the two disorders by increasing age is plausible as there is a continuity in both experiencing mental health problems and obesity, potentially leading to cumulated effects. 14 Furthermore, chronic pain and disabling physical conditions are more prevalent at older ages and may lead to both obesity and mental health problems.
15-17
In the present study, multiple measurements of common mental disorders and obesity were taken over the adult life course from 35 to 74 years of age. These data therefore provide us the opportunity to examine the manner in which the association between common mental disorders and obesity develops with ageing in more detail than has previously been possible. [2003] [2004] . All these phases included a standardised assessment of common mental disorders and a direct measurement of weight and height to determine obesity.
Methods
Participants
Measurements
We assessed common mental disorders using the self-administered 30-item General Health Questionnaire (GHQ), which focuses on self-reported symptoms of anxiety and depression, and associated psychosocial dysfunction. 19 This device is designed as a screening instrument for use in community settings. It has been validated against standardised clinical interviews and has shown high reliability. 20 In each GHQ item an enquiry is made about a specific symptom; the response categories are scored either 1 or 0 to indicate whether the symptom is present or not. On the basis of receiver operating characteristics analysis and previous studies, we defined people with a sum score 5 or more in GHQ as cases and those scoring 0-4 as noncases. 21 In the present study in which GHQ scores were validated against a Clinical Interview Schedule, the sensitivity (73%) and specificity (78%) using this measure of 'caseness' was acceptable. 21 GHQ-caseness showed temporal stability as the odds of being a case at phase 3 
Statistical analysis
At each phase, the analytic sample included participants with complete data on GHQ-caseness and obesity. To examine the cross-sectional association between GHQ-caseness and obesity at each study phase we used logistic regression analysis, from which we report odds ratios to
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summarise this relationship for the total cohort and separately for men and women. For the analyses of the prospective data, which are structured such that measurement times (observations) are nested within individuals, we used multilevel logistic regression analysis based on generalized estimating equations (GEE) to model the association between GHQcaseness and obesity across study phases. The status of GHQ-caseness and obesity was allowed to change within subjects over time, i.e., these variables were modelled as time variant, and the analysis used all available measurements from every subject at all phases.
Repeated measurements within individuals constitute a cluster and the calculation of standard errors takes into account the non-independence of the measurements; that is, the same individual contributes more than one observation in the dataset and these observations are of course related. Odds ratios to summarise associations between GHQ-caseness and obesity were adjusted for age, sex, ethnicity, marital status, socioeconomic position and use of psychotropic drugs. To test the association between GHQ-caseness and obesity as a function of age, we included an interaction term 'GHQ-caseness*age' in a model including main effects. This model was used to develop growth curves estimating obesity prevalence for GHQ-cases and non-cases at each age with 95% confidence intervals. We also ran a series of sensitivity analyses. We compared the strength of the age-dependent association between GHQ and obesity before and after adjustment for birth year and study phase to examine whether this association was attributable to cohort effects or the impact of historical trends.
As increased sample attrition at later study phases could introduce a healthy survivor bias, we repeated the analyses of age-dependent associations in a sub-cohort with no missing data for GHQ or obesity at any study phase. If results in these analyses were similar to those from the main analyses with all available data, this would provide evidence against a healthy survivor bias. To study whether the age-dependent association was specific to the BMI cut-point used
in defining obesity, we repeated the interaction test with continuous BMI as the outcome. All analyses were performed with Stata 9.0 statistical software, StataCorp LP, Texas, USA.
Results
Of all 10,308 baseline cohort members, 10,166 (99%) had complete data on GHQ-caseness and obesity at Phase 1. Their mean age was 44.5 (SD 6.0) years, approximately two thirds were men, around 10% of the study sample were non-Caucasians and 3.5% reported being treated by psychotropic drug. Men were slightly older, less likely to be treated by psychotropic drugs and were more often Caucasian, married and from high socioeconomic position than women ( Table 1) . At subsequent data collection phases, complete data on GHQ and obesity were obtained for 54% (the lowest, Phase 5) to 77% (the highest, Phase 3) of all baseline participants. GHQ-caseness at Phase 1 was not associated with having missing data on these measures at Phase 5 (odds ratio for missingness 1.00, 95% CI 0.92 to 1.09, p=0.96), but baseline obesity was associated with greater missing values (odds ratio 1.76, 95% CI 1.51 to 2.06, p<0.001).
The prevalence of GHQ-caseness was 27% at Phase 1, but declined to 22% at Phases 3 and 5
and was 20% at Phase 7. In contrast, there was a gradual increase in obesity prevalence from 7% at Phase 1 to 19% at Phase 7. These trends in GHQ-caseness and obesity were broadly similar for men and women (table 2). They were also replicated in a sub-cohort of participants with no missing data on GHQ or obesity at any of the four study phases (n = 4,364).
The association between GHQ-caseness and obesity strengthened at each successive study phase with the age-and sex-adjusted odds ratio (OR) being 1.10 (95% confidence interval (1.15 to 1.56) at Phase 7. As shown in Table 3 , there were no large differences in the strength of the association between men and women and in both sexes the association was stronger at the last follow-up than at baseline. Adjustment for ethnicity, marital status, socioeconomic position and treatment by psychotropic drugs had little effect on these associations.
Multilevel analysis
The age-adjusted odds of being obese was 13% higher for GHQ-cases than non-cases in men (OR = 1.13, 95% confidence interval 1.03 to 1.25) and 11% higher in women (OR = 1.11, 95% confidence interval 1.00 to 1.23) across all of the study phases. There was no evidence to suggest that this association differed between men and women (p = 0.92 for GHQ*sex Table 4 shows multivariably adjusted analyses of the GHQ-obesity association for men and women analysed together. The age-and sex-adjusted odds ratio for this association was 1.12 (model A) and further adjustment for ethnicity, marital status, socioeconomic position and use of psychotropic drugs had little effect on this odds ratio (model B). However, a statistically significant GHQ*age interaction term shows that the association between GHQ and obesity was dependent on age (model C). There was no evidence to suggest that this age-dependent effect differed between men and women (p = 0.33 for 'GHQ*age*sex' term in a model including main effects and two-way interactions).
To illustrate the interaction between GHQ and age on obesity, figure 1 shows proportions of obese individuals by GHQ-caseness as a function of age (proportions are estimated based on a 
Sensitivity analysis
The interaction term of 'GHQ-caseness * age' with obesity as the outcome was little affected by adjustment for birth year and study phase and remained statistically significant (p<0.02 after both adjustments), suggesting that cohort and historical effects are unlikely to explain our results. There was no evidence of a 'healthy survivor' bias as the statistically significant interaction between GHQ and age on obesity was also found in a sub-cohort with no missing data in GHQ or obesity at any of the study phases (p for interaction = 0.005, n = 4363).
Furthermore, the growth curves were very similar as those in the main analysis with all available data. Finally, repeating multilevel analysis with continuous BMI as the outcome showed a significant GHQ*age interaction term both in men (p<0.0001) and women (p = 0.05), confirming that the age-dependent association between GHQ-caseness and obesity was not sensitive to the specific cut-off for BMI used to define obesity.
inserm-00426438, version 1 -26 Oct 2009
Discussion Although ageing is a complex phenomenon involving a range of psychological and physiological changes, the evidence from this 19-year 4-wave study, in fact, suggests a relatively simple overall effect of age on the association between common mental disorders and obesity. We found that people with common mental disorders have an excess risk of obesity and there was no strong evidence of sex or ethnic differences in this association. The excess obesity risk strengthened with age: irrespective of mental health status, about 6% were obese at age 40, but by age 70 the corresponding prevalence rose to 35% in people with common mental disorders and to 27% in others. This finding emphasises the role of common mental disorders in the risk of obesity at older ages.
Comparison with previous studies
Our study is probably the largest longitudinal investigation of the effect of age on the association between common mental disorders and obesity. Previous studies on this issue are based mostly on cross-sectional comparisons between age groups, they do not include multiple measurements of both common mental disorders and obesity, and they show mixed findings. 7 Such data may not accurately reflect longitudinal trends. We did not found strong evidence of sex, ethnic or socioeconomic differences in the association between common mental disorders and obesity risk. Although sex and ethnic differences have been reported in some previous studies, 11 a large survey of a nationally representative sample of US adults found, in agreement with our findings, an association between psychiatric disorders and obesity that was equally strong for men and women.
23
Our target group was an occupational cohort and therefore likely to be healthier than a general population. We adopted the view that common mental disorders in such samples are validly
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represented as a single dimension combining symptoms of anxiety and depression.
24-26
Measuring common mental disorders is particularly relevant in community-based samples, such as ours, as mental disorders in the community are frequently characterized by comorbidity between the disorders and by shifting patterns of symptoms that resist precise clinical classification. 24 25 27 The use of such a composite outcome, such as ours, is supported by studies showing anxiety disorders and mood disorders (depression) to be equally related to excess risk of obesity.
23
Across age groups, the odds of being obese was 1.12 times higher for people with common mental disorders than for others. This estimate is smaller than the odds ratios of over 1.20
typically found for obesity in individuals with specific diagnosed mental disorders in general populations. 23 28 Factors that can cause this discrepancy in risk estimates between our cohort and the previous studies include differences in the target group (occupational cohort study vs.
general population sample), the definition of mental disorders (GHQ symptoms scale vs. other screening measures and clinical interview), and the assessment of obesity (measured vs. selfreported weight and height).
Plausible mechanisms
Common mental disorders can be a cause and a consequence of obesity and a number of plausible mechanisms may underlie these bidirectional associations, presenting cumulated effects with increasing age. Firstly, common mental disorders are associated with eating disorders, both over-and under-consumption, which could influence future changes in adiposity. Exercise has been found to improve depressive symptoms among those with a diagnosis of depression, 29 but physical inactivity, a major contributing factor to obesity, is more prevalent among people with mental health problems. Furthermore, commonly used
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pharmacologic treatments for depression have known side-effects that may result in weight gain (tricyclic antidepressants), weight loss (selective serotonin reuptake inhibitors, SSRIs) or both (short-and long-term effects of SSRIs).
30-32
Secondly, it is plausible that the direction of the association may also be from obesity to increased future risk of common mental disorder, with adverse effects being more likely in societies where obesity is stigmatised. 33 Internalization of negative obesity-related stereotypes, negative self-body image and unsuccessful weight control by dieting are related to increased risk of mental ill health among obese individuals. [34] [35] [36] Biological factors, such as dysregulation of the hypothalamic-pituitary-adrenocortical (HPA) system, may further strengthen the link from obesity to depression. [37] [38] [39] There is some evidence of abnormal hormone concentrations of the HPA axis among obese people with and without co-existing depressive symptoms, 40 41 and among obese with binge eating disorder. 42 Furthermore, studies show remission in depressive symptoms following surgically induced weight loss among obese patients. 43 44 Thirdly, 'common cause' may contribute to the age-dependent association between mental disorders and obesity as chronic bodily pain and disabling sensory and physical conditions are increasingly common at older ages and contribute to both obesity prevalence and common psychiatric disorders. [15] [16] [17] Underlying disability that accompanies ageing may therefore reinforce the association between mental health and obesity at older ages.
Study strengths and limitations
Our study is unique in having four measurements of both common mental disorders and obesity across the adult life course. An advantage of such design, compared to cross-sectional
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studies, is the possibility of conducting multilevel analyses that not only use information about differences between subjects but also exploit data from the same individuals at different ages. The large sample size and direct measurements of height and weight are also particular strengths of the present study. However, several limitations should be taken into account when interpreting the findings: First, our cohort of civil servants do not include blue collar workers or unemployed people and is therefore not representative of the general population, which potentially limits the generalisability of our findings. Nevertheless, we are not aware of reasons why the age-related strengthening of the association between mental health problems and obesity would be specific to employed people. Second, sample loss due to missing data varied between 1% and 47% depending on study phase and obesity at baseline predicted subsequent non-participation. However, increasing non-participation across successive study phases is not a plausible explanation of the observed age-dependent associations because the findings were reproducible in a sub-cohort with full data at every study phase. Third, common mental disorders were measured using a validated symptom scale, the General Health
Questionnaire that is not a measure of clinically recognised psychiatric disorder. 19 Although the symptom scale is reliable we cannot be certain that our findings would be directly transferable to patients meeting the DSM-IV or ICD-10 criteria for specific mental disorders, such as major depressive disorder or anxiety disorders. Furthermore, the symptom scale does not measure severity. Fourth, waist circumference and waist hip ratio were not assessed at all the four phases. Thus, it remains unclear whether the age-dependent association of common mental disorders is specific to general obesity or also observable in relation to central obesity and related HPA axis disturbances. 40 45 Further research on these issues is needed.
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14 Evidence from a well-characterised occupational cohort shows that the association between common mental disorders and obesity strengthens with age. Given that people aged 65+ is the fastest growing age group worldwide, 46 we recommend that this finding is taken into account both in the prevention of obesity and treatment of mental disorders in ageing populations. Diet and physical activity are central to weight management emphasising the relevance of health policies that improve the opportunities to weight control for older people (e.g. provision of nutrition guidance, availability of exercise places, reimbursement of weight control treatments, and effective prevention of physical impairments and pain that may increase risk of obesity and distress). There is also a need for more detailed clinical guidelines to help physicians prevent and treat obesity among adults with mental disorders, and promote mental health among obese individuals of older age.
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CLINICAL IMPLICATIONS  People with common mental disorders may be at increased risk of obesity.
 The excess obesity risk associated with common mental disorders is greater at older ages.
 There was no strong evidence to suggest that this association differs between men and women or according to ethnic group or socioeconomic position.
LIMITATIONS
 Findings from occupational cohort are not necessarily generalisable to general or clinical populations.
 Common mental disorders were assessed using a self-report symptom scale (General Heath Questionnaire) rather than a standardised clinical interview.
 Such assessment does not distinguish between specific disorders or indicate their severity.
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GHQ category
